The electronic band structure of cubic Hf O 2 is calculated using an ab initio all-electron selfconsistent linear augmented plane-wave method, within the framework of the local-density approximation and taking into account full-relativistic contributions. From the band structure, the carrier effective masses and the complex dielectric function are obtained. The Γ-isotropic heavy and light electron effective masses are shown to be several times heavier than the electron tunneling effective mass measured recently. The imaginary part of the complex dielectric function ǫ 2 (ω) is in good agreement with experimental data from ultraviolet spectroscopic ellipsometry measurements in bulk yttria-stabilized Hf O 2 as well as with those performed in films deposited with the tetrakis diethylamido hafnium precursor for energies smaller than 9.5 eV.
of silicon dioxide as a gate dielectric by high-dielectric constant (high-κ) materials to reduce leakage currents 2 , and meet requirements of reliability 3 . Si-related band offsets, permittivity, dielectric breakdown strength, interface stability and quality with silicon, and the carrier effective masses are key aspects of the new (high-κ) oxides that, together with costs of the fabrication processes 4 , have to be considered in extending Moore's law 5 to an equivalent oxide thickness below 10 nm.
Cubic hafnium oxide (Hf O 2 ) is an important candidate for SiO 2 replacement as gate dielectric material. It has a dielectric constant ε Hf O 2 (0) ≃ 25 at 300 K, which is about six times higher than that of silicon dioxide, but more than an order of magnitude smaller than that of cubic SrT iO 3 , ε SrT iO 3 (0) ≃ 300, a competing high-κ oxide. However, Hf O 2 has a conduction band offset ∆E c,Hf O 2 ∼ 1.5 − 2.0 eV with respect to silicon, which is more than one order of magnitude higher than that of cubic SrT iO 3 , ∆E c,SrT iO 3 ∼ 0. The ab initio all-electron self-consistent linear augmented plane-wave (FLAPW) method, within the local-density functional formalism (LDA) and the generalized gradient approximation (GGA), is employed considering both non-and full-relativistic contributions to the band structure 19 . The imaginary part, ǫ 2 (ω), of the complex dielectric function was obtained directly from full-and non-relativistic FLAPW electronic structure calculations, while the KramersKronig relation was used to obtain the real part, ǫ 1 (ω). They are depicted in Fig. 2 over the energy range 0 -16 eV. Relativistic contributions to the real and imaginary parts of the dielectric constant are found to be important, being responsible for a considerable shift of the main peaks towards higher energies. Moreover, due to the relativistic effects a more detailed structure is seen in particular for ǫ 2 (ω). Figure 3 shows good agreement of the calculated ǫ 2 (ω) with the experimental data reported by Lim et al. 16 for energies smaller than 9.5 eV, and also with those performed by Edwards 17 and by Schaeffer et al 18 , all using UV ellipsometry spectroscopy. For this comparison the whole calculated spectrum for ǫ 2 was shifted to higher energies, by matching its energy threshold to the experimental value of the Hf O 2 gap energy.
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In conclusion, we have studied the band structure of cubic bulk Hf O 2 using firstprinciples calculations. Conduction-and valence-band effective masses were obtained and shown to be highly anisotropic. Relativistic effects are shown to play an important role, reflected in the effective mass values and in the detailed structure of the dielectric function.
The Γ-isotropic heavy and light electron effective masses were determined to be several times heavier than the electron tunneling effective mass measured recently 14, 15 . The calculated imaginary part of the dielectric function was shown to agree well with experimental measurements for energies smaller than 9.5 eV [16] [17] [18] . Ref. [18] Ref. [17] Ref. [16] ENERGY (eV) ε 2 Fig.3 full-relativistic non-relativistic FIG. 3: Imaginary (ǫ 2 ) part of the Hf O 2 complex dielectric function calculated within the fullrelativistic (solid line) and non-relativistic (dashed line) approaches. The calculated spectrum for ǫ 2 was shifted to higher energies, by matching its energy threshold to the experimental value of the Hf O 2 gap energy as obtained in Ref. [16] . The experimental data of Lim et al. 16 are depicted by full-dots, and those due to Edwards 17 and Schaeffer et al 18 are depicted by upsidedown full-triangles and open-triangles, respectively.
